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ABSTRACT
The geometric shape of the slide surface and the topography of before and after the failure are the essential factors for analysis of a
landslide and for design of remedial works. Since determination of the slide surface profile is difficult and costly using traditional
methods and often the pre-slide topography is not accessible, this paper is going to present two techniques to determine these factors.
The presented technique to locate 3dimensional geometric shape of the slide surface is based upon determining slide surface in
2dimensional vertical sections. The outcrop and other signs of slide surface are implemented factors for this method. The next method
utilizes post-slide topographic situation of the area to determine the pre-slide topography. This method obtains some equations in
order to achieve the pre-slide situation of the points which located on the sliding mass by a statistical process. These methods are
tested by a case study about Maskun landslide. The results indicate the applicability of the proposed methods to obtain the vital factors
for back analysis and abandon a costly and difficult process.
INTRODUCTION
Probably the most reliable method of determining the strength
of soil and rock mass is to back analyze a failed or failing
slope (Wyllie & Mah, 2004).But it requires that the failure
mode is well established and that there is complete and precise
information available on the state of slide and the sliding mass
(Sjöberg, 1996). Measurement of the failure surface geometry
with a knowledge of the slope profile before failure will
provide the basic information required for a back analysis
(Hock & Bray, 1981). Besides the post-slide topography is
another vital factor.
In the process of studying Maskun landslide decided to back
analyze the strength parameters of sliding mass in order to
obtain indicative values. In this landslide the post-slide
topography was achieved by surveying operation. But there
wasn’t any data about pre-slide topography. Also geophysics
and drilling operations were not feasible for determining slide
surface. Thus the paper is focused on the processes to obtain
these factors for back analyzing Maskun landslide.
To achieve the pre-slide topography the measure of movement
in particular points of the sliding mass are determined and by a
statistical process some equations obtained which present the
measure of displacement of each point according to its
location. After determining the displacement of each surveyed
point by mentioned equations, their primary or pre-slide
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coordinates obtained and by which design the pre-slide
topographic map.
To obtain second factor, slide surface is designed in various
vertical sections by using outcrop and other signs of slide
surface. Since each section shows the slide surface in a
particular direction, 3D geometric shape of the slide surface
can be obtained by matching these sections.
LANDSLIDE DESCRIPTION
Maskun landslide was occurred in the Kerman-Jiroft road and
in the residential area of “Mohammad Abad Mskoon” in Iran.
The main slide happened in the summer of 1999 after cracks
occurred in the region and led to lots of casualties such as
destruction of the road and the buildings on the foot of the
mountain. This sliding mass is still active and its slow
continuing slide causes problems such as traffic of motor
vehicles, residents’ worry and the danger of collapsing the
power tower on the top of the hill.
Maskun landslide is consisted of a combination of rock and
soil with weight of more than 0.5 million ton. According to
IAEG definition (IAEG Commission on Landslides, 1990), its
length of center line is 320m, the height of main scarp is 7m,
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slide width in crown, middle and toe of slide is 50, 100 and
60m, respectively. The crown is located 30m down of
mountain apex.

Figure 2 shows a typical feature for a supposed zone in which
the point ‘a’ is used to achieve the equations, but the measure
of movement of the point ‘c’ should be accounted by the
achieved equations. Also the mentioned parameters are
illustrated in this figure.

PRE-SLIDE TOPOGRAPHY
The principle of this process is to change the coordinates of
the surveyed points on sliding mass, as much as their
movement. Therefore the measure of movement must be
determined for each point on sliding mass. Thus some
mathematical relations obtained using points whose primary
placement is readily available and their measure of movement
is accessible. Such points can be found in places like the
outcrop of slide surface, structures like roads and water
transportations ditches and so on. The characteristic of such
structures is that part of them displaces together with sliding
mass and their main part also remains in its primary place (out
of the zone of sliding mass). For instance it is entirely clear
that the crown and the top of the slide were fully adapted
before sliding; on the other hand both were identical.
The sliding mass was divided into three parts (Fig. 1) because
of the complicated topography and heterogeneous properties
of the material, so that the measure of movement at all points
of each part be the same. These parts that are like narrow
strips include: right strip(R), central strip(C) and left strip (L).
M axis was defined on the center line of sliding mass and in
the direction of N63W for simplifying the problem. The slide
direction at all points is nearly parallel and in the direction of
M axis. This is verified by the parallel cracks in the different
points alongside. The long main scarp and the survival of the
previous road are still observable. Identical points extracted
from these parts and the following data identified for each pair
using the post-slide topographic map:
• The horizontal distance of the point form the crown in
the direction of mass movement (M)
• The measure of horizontal movement of the first point
or, in the other word the horizontal distance of the
identical points (∆M)
• The height dissent (∆Z) of these two points

Fig. 2. Typical feature for a supposed zone
Now, having a collection of the coordinates of these identical
points it is possible to achieve required equations by a
statistical process. Regression calculations were used to fit the
best curves to the data. Different forms of linear, exponential,
logarithmic and power regression were done separately on
both groups of inputs ∆M and ∆Z. The obtained equations
from the linear regression resulted in the best correlation
coefficient of all relations (table 1). Also closeness of the
correlation coefficient to unity in these equations shows that
they are sufficiently accurate. Now by implementing these
equations for other points, their post-slide coordinates will
convert to pre-slide coordinates.
Table 1. Correlation coefficient of different types of regression
calculations
Regression
type
Linear

Exponential

Logarithmic

Power
Fig. 1. Individual regions of the Maskun slide for determining
pre-slide topography
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Parameter

Region
L

C

R

∆M

0.9858

0.9864

0.9912

∆Z

0.9714

0.9248

0.9449

∆M

0.9696

0.9788

0.9964

∆Z

0.9631

0.9248

0.9217

∆M

0.8444

0.8480

0.8555

∆Z

0.7018

0.5051

0.599

∆M

0.9362

0.9117

0.8945

∆Z

0.7648

0.7555

0.6996
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Thus to change the coordinates of other points on the sliding
zone, the obtained relations from the linear regression was
used, which are:
Strip R: ∆M = 1.645M + 1.3895
∆Z = 0.369M + 3.8542
Strip C: ∆M = 1.502M + 1.8694
∆Z = 0.506M + 3.552
Strip L: ∆M = 1.374M + 2.2193
∆Z = 0.656M + 3.0993

(1)
(2)
(3)
(4)
(5)
(6)

Now the measure of ∆M decomposed into two parameters (∆X
and ∆Y) according to its angle with the M axes (fig. 1):
∆X=∆M.Cos27°
∆Y=∆M. Sin27۫°

(7)
(8)

Finally new coordinates of the mentioned points were
calculated:
Xnew =X+∆X
Ynew =Y-∆Y
Znew =Z+∆Z

(9)
(10)
(11)

(Since M axis is positive toward north-west, ∆Y is subtracted
from the primary Y).
To design the new map, i.e. the pre-slide topographic map, the
coordinates of new points were replaced with the primary ones
and the new map was designed (Fig. 3). Also Fig.4 illustrate
ground surface before and after slide in a vertical section
along M axes.

Fig. 3. Pre-slide topographic map of Maskun

Fig. 4. Pre-slide and Post-slide profile along M axes
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GEOMETRIC SHAPE OF SLIDE SURFACE
The slide surface is seldom a uniform concave spherical
segment. Often the presence of bedding, joints, faults and nonhomogeneity zones influence the slide surface shape (Giani,
1992). So the use of such a surface in analysis can lead to
erroneous results. Therefore the real shape of the slide surface
has to be determined. A landslide phenomenon may already
have occurred and the slide surface shape and position can be
identified by means of site investigations (Walker et all,
1987). The geophysical and drilling operation are two
common ways to identify this case, but these ways are too
expensive and not always applicable. Also the theoretical
methods to define the slide surface are too simplified for
complicated geological cases.
To determine geometry of slide surface, the post-slide
topographic map and field observations is used. The main
factor was wide outcrop of slide surface. Also some water
discharge locations specified the toe of the slide surface and a
wide crack which crosses the road represented the left
boundary of the slide surface.
The basis of this process is making vertical sections and
determining the slide surface on each section. At first, sections
which cross two parts of the outcrop of the slide surface are
used (sections 1-8 in Fig. 5). These sections almost located
with acute angles toward the direction of the slide. The
advantage of such sections is the existence of one part of the
slide surface on each side of them. On the other hand, more
than three points of the slide surface can be seen on each of
these sections. As we know, it is possible to draw circular or
oval curves using three points. But when more than three
points are available, this limitation fades away, i.e. free curves
can be drawn in any possible shape. This is the aim to make
the mentioned sections. On each side of these sections a short
line is existed, that is a part of slide surface and by them
shaping the slide surface in free form is possible. After
specifying the slide surface on these sections, coordinates (X,
Y, Z) of several points extracted from them. Then the slide
surface designed like a topographic map by this data and the
data of the surveyed points that located on the main scarp.
This surface is about 1/3 of entire slide surface (Fig.6-a).
After this step those sections used which pass through the
other signs of the slide surface. These sections were nearly
parallel to the slide direction (sections 9-12 in Fig. 5). One of
these sections passed through the left crack and the rest
through the water discharge points. On these sections three
points of the slide surface are available (one less than 4
necessary points).Thus to design the slide surface in free curve
form, the achieved slide surface in the previous step is used, so
that a section made in the same direction on the topographic
map of the slide surface. This section determines parts of the
slide surface in the regarded direction. By overlaying this
section on the main one, a continuous part of the slide surface
on the top and one point at bottom are determined; so
designing the rest of the slide surface can be done perfectly
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and in the form of a free curve. After adding the achieved
points from these sections to the slide surface, this process was
carried out on 4 other sections (sections 13 to 16 in Fig. 5).

Fig. 7. Slide surface in the topographic map of the area (In the
supposed case that the complete sliding mass has moved and
the slide surface is visible)
Fig. 5. Location of sections used to determine slide surface.
At last by adding this data, the complete slide surface was
designed as a topographic map and three-dimensional schema.
With such a surface the maximum depth of the slide surface
was calculated about 25 meter and the weight of the sliding
mass was estimated about 0.5 million ton. In Fig. 7 the slide
surface is shown on the topographic map of the zone. (In the
supposed case, the complete sliding mass has moved and the
slide surface is visible).

CONCLUSION
The presented methods are applicable in many cases and used
for determining the required tools for back analysis, without
them analysis is impossible.
Pre-slide topography is the first tool. To achieve this, one uses
the coordinates of points which their movement is already
surveyed and thus equations to determining the primary
coordinates was obtained. It is assumed that the movement of
complete sliding mass is parallel and downward. Such an
assumption is valid for slides whose length is longer than their
width. In such cases, sideway materials may have movements
toward the center of the sliding mass; thus this case is under
examination.
The second tool is the shape of the slide surface, which needs
relatively expensive geophysical and/or drilling operations to
be determined. In cases in which parts of sliding surface are
visible in the land surface, the presented method can be used
effectively. In this method, the more primary points available,
the more precise and better results will be obtained. Also if
such points are located in the central or in the lower part of the
mass, the resulted relations are of more validity.
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